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Abstract 
Introduction: Respiratory infections and tuberculosis are leading causes of global morbidity and mortality; yet comprehensive research on their 
associated risk factors remains limited, hindering the development of effective preventive strategies.  
Methodology: The 2021 Global Burden of Disease data from 204 countries (1990–2021) was used to measure deaths, disability-adjusted life 
years (DALYs), and their age-standardized rates (ASMR and ASDR) tied to 9 risk factors. The trends were analyzed by age, gender, and socio-
demographic index (SDI) regions, with annual and average annual percentage changes (APC, AAPC) used to track changes over time. 
Results: Globally, mortality rates (ASMR) for respiratory infections and tuberculosis linked to traditional risks—malnutrition, air pollution, 
and alcohol use—declined significantly; annual decreases of 4.46%, 3.18%, and 3.35%, respectively. Deaths attributed to metabolic risks like 
high BMI and blood sugar increased, despite falling ASMR. Geographic disparities were notable: Lesotho saw the sharpest rise in BMI-related 
mortality (3.92%), while Hungary had the steepest decline (−7.4%). Men faced a higher burden from behavioral risks, with tobacco-related 
mortality 3.6 times higher than in women. Children under 5 years were especially vulnerable to environmental risks, with unsafe water and 
sanitation contributing to a 4.55% annual decline in mortality rates. 
Conclusions: This study highlights the need for targeted actions, such as tobacco control in high-middle SDI regions, air quality improvements 
in South Asia, and nutrition programs in Sub-Saharan Africa. It offers a precise public health framework to reduce respiratory infections and 
tuberculosis, and promote global health equity by analyzing sociodemographic and time trends. 
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Introduction 

Respiratory infections and tuberculosis, remain 
major global health challenges, contributing 
substantially to morbidity and mortality worldwide 
[1,2]. The burden of these diseases is further 
compounded by environmental exposures and 
persistent socioeconomic inequities [3]. However, the 
associations between respiratory infections and 
modifiable risk factors, particularly across diverse 
demographic and geographic contexts, remain poorly 
understood. Critical gaps persist in understanding how 
specific risk factors disproportionately affect 
populations across age, gender, and geographic regions; 
hindering the development of tailored and equitable 
public health strategies. 

Existing evidence highlights 9 key risk factors—
child and maternal malnutrition [4], air pollution [1,5], 
tobacco use [6], unsafe water and sanitation [7], high 
body mass index (BMI) [8], high fasting plasma 
glucose (FPG) [9,10], dietary risks [2,11], physical 
inactivity [12], and alcohol use [13]—as major 
contributors to respiratory infections and tuberculosis 
burden. Recent studies have quantified the population-

level impacts of various risk factors, highlighting the 
effects of alcohol use, tobacco use, dietary risks, high 
BMI, elevated FPG, and physical inactivity on 
tuberculosis incidence. However, these studies have not 
systematically assessed all risk factors associated with 
respiratory infections and tuberculosis, nor have they 
comprehensively analyzed differences by age, gender, 
socio-demographic index (SDI), and geographic 
regions [14,15]. 

The variation in risk factor impacts across 
socioeconomic strata, age groups, and gender remains 
inadequately characterized, limiting the development of 
tailored interventions. For example, the highest 
prevalence and frequency of cigarette smoking in many 
low- and middle-income countries (LMICs) are 
consistently observed among men, individuals with 
lower levels of education, those with reduced household 
wealth, residents of rural areas, and older age groups 
[16,17]. Meanwhile, malnutrition remains a persistent 
and disproportionate burden in low-resource settings 
[3,18], exacerbating health inequities and contributing 
to a dual burden of disease in populations already facing 
challenges related to poverty and limited access to 
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healthcare [19,20]. Concurrently, gender-based 
disparities in behavioral risks (e.g., alcohol 
consumption, tobacco use) [21,22], and age-specific 
vulnerabilities to environmental exposures (e.g., 
household and ambient air pollution), remain 
insufficiently mapped globally [23,24]. These evidence 
gaps constrain the precision of public health strategies 
aimed at mitigating inequities in respiratory infections 
and tuberculosis. Addressing these disparities requires 
disaggregated, context-specific data to elucidate how 
risk factor profiles intersect with socioeconomic 
development, demographic shifts, and healthcare 
access. 

To this end, a comprehensive analysis of the global, 
regional, and national burden of respiratory infections 
and tuberculosis attributable to risk factors from 1990 
to 2021 was conducted, by integrating data from 204 
countries and territories. The methodologies from the 
Global Burden of Disease (GBD) 2021 study were used 
to quantify age-standardized trends, evaluate 
correlations with the SDI, and stratify outcomes by age, 
gender, and geography. The findings reveal pronounced 
declines in age-standardized mortality rates (ASMR) 
and age-standardized disability-adjusted life years 
(DALYs) rates (ASDR) for traditional risks, but 
escalating burdens from metabolic factors. These 
disparities are driven by socioeconomic development, 
demographic factors, and regional policies. 

This study advances the mechanistic understanding 
of risk modulation in respiratory infections and 
tuberculosis and provides actionable insights for 
tailoring interventions to vulnerable populations, 
thereby addressing persistent inequities in the global 
health landscape. 

 
Methodology 

The GBD 2021 study analyzed 288 diseases, 
injuries, and risk factors across 204 countries (1990–
2021) using metrics including incidence, prevalence, 
mortality, and DALYs [25,26]. The SDI; which 
integrates measures of fertility, education, and income; 
divides regions into 5 distinct groups: low, low-middle, 
middle, high-middle, and high. In the International 
Classification of Diseases, Tenth Revision (ICD-10), 
respiratory infections and tuberculosis are classified 
under the codes A10-A14, A15-A19.9, A48.1, A70, 
B34.2, B90-B90.9, B97.2, B97.4-B97.6, H70-H70.9, 
J00-J02.8, J03-J03.8, J04-J04.2, J05-J05.1, J06.0-J06.8, 
J09-J15.8, J16-J16.9, J20-J21.9, J36-J36.0, J91.0, 
K67.3, K93.0, M49.0, N74.1, P23.0-P23.4, P37.0, U04-
U04.9, U07-U07.2, U84.3. In the Ninth Revision (ICD-
9), these conditions are classified under the codes 010-

019.9, 034.0, 079.6, 137-137.9, 138.0-138.9, 320.4, 
381-383.9, 460-464.4, 464.8-464.9, 465.0-465.8, 466-
469, 470.0, 475-475.9, 476.9, 480-482.8, 483.0-483.9, 
484.1-484.2, 484.6-484.7, 487-489, 730.4-730.6. 

 
Exposure assessment 

The nine risk factors for respiratory infections and 
tuberculosis are defined by GBD 2021 methods 
appendices [26].  

Air pollution encompasses particulate matter, 
ambient ozone, and nitrogen dioxide. Physical 
inactivity is defined as total activity below 3,600–4,400 
metabolic equivalent (MET)-minutes per week in adults 
aged > 25 years, derived from frequency, duration, and 
intensity across occupational, domestic, and 
recreational domains. Unsafe water, sanitation, and 
handwashing were classified according to the World 
Health Organization/United Nations Children’s Fund 
(WHO/UNICEF) Joint Monitoring Program criteria, 
which distinguish improved sources (e.g., piped water, 
boreholes) from unimproved sources (e.g., surface 
water).  

Metabolic risks included high FPG > 4.9–5.3 
mmol/L and BMI > 20–23 kg/m² in adults, and 
overweight/obesity in children (per the International 
Obesity Task Force standards). Tobacco use was 
assessed via nationally representative surveys of self-
reported current or former use (daily/occasional) among 
individuals aged > 10 years, excluding non-tobacco 
products. High alcohol use was defined as consumption 
exceeding the theoretical minimum risk exposure level. 

Child and maternal nutritional deficiencies were 
modeled using mortality data from vital registration 
systems, verbal autopsies, and surveillance reports. 
Dietary risks included 6 components: low intake of 
whole grains (< 160–210 g/day) and fruits/vegetables 
(< 340–350 g/day); and high consumption of sugar-
sweetened beverages (> 0 g/day), unprocessed red meat 
(> 0–200 g/day), and processed meats (> 0 g/day). 

 
Statistical analysis 

Metrics including the number of deaths, DALYs, 
ASMR, and ASDR were analyzed to assess temporal 
trends and disparities in mortality and disease burden 
across age groups, genders, regions, and populations. 
These metrics enable comparisons by adjusting for 
variations in population age structures. Temporal trends 
in ASMR and ASDR were quantified using average 
annual percentage change (AAPC) estimates derived 
from Joinpoint regression analysis (Joinpoint Software, 
version 5.0.2). The AAPC, which summarizes the 
average trend over the entire study period, was 
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calculated as a geometrically weighted average of the 
segment-specific APC estimates derived from the final 
selected Joinpoint model. A maximum of 5 joinpoints 
were permitted to model nonlinear trends, with 
statistical significance determined through permutation 
testing (α = 0.05) and parametric methods. 

 

Results 
Global and regional trends in respiratory infections 
and tuberculosis burden attributable to risk factors, 
1990–2021 

Globally and across all SDI regions, ASMR for 
respiratory infections and tuberculosis attributable to 
key risk factors decreased substantially between 1990 
and 2021 (Figure 1). Child and maternal malnutrition; 
air pollution; tobacco use; and inadequate water, 
sanitation, and hygiene (WASH) facilities were the 

Figure 1. Global trends in age-standardized mortality rates (ASMR) from respiratory infections and tuberculosis attributable to risk factors, 
and annual percent change (APC), 1990–2021. 
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leading contributors. Notably, the ASMR decline 
attributable to these factors accelerated in recent years, 
with APC reaching – 13.77% for malnutrition, 2019–
2021; – 7.75% for air pollution, 2018–2021; – 6.90% 
for tobacco, 2019–2021; and – 9.79% for WASH, 
2019–2021 (Figure 1). 

The AAPC in ASMR for respiratory infections and 
tuberculosis varied across risk factors. Child and 
maternal malnutrition had the steepest reduction 
(AAPC: − 4.46%, 95% CI: − 4.54% to − 4.39%), 
followed by tobacco use (− 3.35%, 95% CI: − 3.46% to 
− 3.24%) and air pollution (− 3.18%, 95% CI: − 3.41% 
to − 2.94%) (Table 1). Globally, the absolute numbers 
of deaths from respiratory infections and tuberculosis 
attributable to risk factors generally showed a 
downward trend, except for high BMI and FPG. The 
number of deaths caused by these two risk factors 
increased from 38,272.23 (95% UI: 8,106 to 
107,541.75) in 1990 to 57,447.18 (12,864.18 to 
150,516.82) for high BMI, and from 117,710.02 
(84,376.47 to 153,985.34) in 1990 to 147,222.60 
(106,967.98 to 195,819.47) for high FPG. Despite these 
increases in absolute numbers, the ASMR caused by 
high BMI and FPG decreased by approximately 28.7% 
and 44.5%, respectively. Globally, ASDR for 
respiratory infections and tuberculosis due to various 
risk factors significantly declined over the last 3 
decades, consistently across all SDI regions, with the 
most evident reductions in high-middle SDI regions. 
The AAPC in ASDR varied by risk factor. Specifically, 
child and maternal malnutrition had the largest decline 
(AAPC: − 4.46%, 95% CI: − 4.54% to − 4.39%), 
notably followed by tobacco use (− 4.07%, 95% CI: − 

4.16% to − 3.97%) and air pollution (− 4.01%, 95% CI: 
− 4.24% to − 3.78%). Additionally, high BMI had the 
slowest decline (− 0.69%, 95% CI: − 0.81% to − 0.58%) 
(Table 2). Despite global increases in DALYs due to 
BMI and high FPG, DALYs attributable to other risk 
factors mainly decreased. Specifically, DALYs due to 
high BMI increased from 1,296,112 (95% UI: 256,345 
to 3,776,109) in 1990 to 2,066,810 (95% UI: 446,316 
to 5,536,306) in 2021, and DALYs due to high FBG 
increased from 3,057,450 (95% UI: 2,196,852 to 
4,068,063) in 1990 to 3,736,487 (95% UI: 2,709,577 to 
4,972,204) in 2021. 

 
National disparities in respiratory infections and 
tuberculosis burden attributable to risk factors across 
204 countries and territories, 1990–2021 

Significant geographic disparities were observed in 
the AAPC of ASMR attributable to various risk factors. 
The AAPC in ASMR showed a downward trend in most 
countries (Figure 2). Argentina exhibited the largest 
upward trend in ASMR due to air pollution (AAPC: 
0.97, 95% CI: 0.16 to 1.78), while Finland showed the 
steepest decline (−10.39, 95% CI: − 13.4 to − 7.29). Iran 
had the highest increase for alcohol use (34.51, 95% CI: 
30.25 to 38.91), whereas Sudan recorded the largest 
reduction (− 30.39, 95% CI: − 32.9 to − 27.79). Child 
and maternal malnutrition-related ASMR increased 
most in Tokelau (2.72, 95% CI: 0.69 to 4.78), but 
decreased sharply in Iran (− 11.48, 95% CI: − 12.1 to − 
10.85). Dietary risks drove the largest ASMR rise in 
Lesotho (2.43, 95% CI: 1.99 to 2.88), while the 
Maldives achieved the greatest decline (− 7.5, 95% CI: 
− 7.87 to − 7.13). 

Table 1. Annual average percentage change (AAPC) in age-standardized mortality rates of respiratory infections and tuberculosis attributable 
to nine risk factors, by age, gender, socio-demographic index (SDI), and regions, 1990–2021 (95% CI). 
Characteristics Air pollution Alcohol use Child and maternal 

malnutrition Dietary risks High body-mass index 

Global -3.18 (-3.41 to -2.94) -2.64 (-2.7 to -2.57) -4.46 (-4.54 to -4.39) -2.78 (-2.89 to -2.67) -1.1 (-1.25 to -0.95) 
Gender      
Female -3.41 (-3.66 to -3.16) -2.65 (-2.71 to -2.59) -4.68 (-4.89 to -4.47) -2.41 (-2.59 to -2.24) -0.96 (-1.14 to -0.77) 
Male -3.01 (-3.21 to -2.81) -2.67 (-2.76 to -2.59) -4.31 (-4.37 to -4.25) -3.07 (-3.18 to -2.95) -1.25 (-1.36 to -1.14) 
SDI      
Low SDI -2.42 (-2.71 to -2.13) -2.41 (-2.57 to -2.25) -4.64 (-4.75 to -4.53) -2.38 (-2.51 to -2.24) -0.69 (-0.79 to -0.58) 
Low-middle SDI -2.86 (-3.17 to -2.55) -2.38 (-2.55 to -2.2) -4.76 (-5 to -4.51) -2.87 (-3.24 to -2.49) -0.87 (-1.07 to -0.66) 
Middle SDI -4.06 (-4.35 to -3.76) -3.5 (-3.71 to -3.3) -6.25 (-6.44 to -6.06) -3.77 (-3.86 to -3.67) -2.02 (-2.17 to -1.87) 
High-middle SDI -4.02 (-4.39 to -3.65) -4.73 (-5.04 to -4.41) -8.33 (-8.59 to -8.07) -4.31 (-4.68 to -3.94) -2.69 (-3.11 to -2.27) 
High SDI -3.38 (-4.08 to -2.68) -5.59 (-5.75 to -5.42) -6.58 (-6.95 to -6.21) -3.95 (-4.15 to -3.76) -3.4 (-3.56 to -3.24) 
Region      
Australasia -1.75 (-3.26 to -0.22) -4.18 (-4.64 to -3.71) -6.08 (-7.25 to -4.9) -3.53 (-5.54 to -1.48) -3.23 (-3.68 to -2.78) 
Oceania -1.91 (-2.03 to -1.78) -2.22 (-2.4 to -2.05) -2.06 (-2.4 to -1.72) -1.92 (-2.14 to -1.7) -1.37 (-1.63 to -1.12) 
East Asia -6.09 (-6.38 to -5.79) -6.14 (-6.46 to -5.81) -9.39 (-9.68 to -9.09) -5.9 (-6.13 to -5.67) -4.01 (-4.37 to -3.66) 
Central Asia -3.41 (-3.9 to -2.92) -2.86 (-3.61 to -2.12) -5.25 (-5.54 to -4.97) -1.4 (-1.7 to -1.1) -1.5 (-1.82 to -1.18) 
South Asia -2.89 (-3.23 to -2.54) -2.83 (-3.19 to -2.46) -4.48 (-4.8 to -4.16) -3.19 (-3.33 to -3.05) -1.12 (-1.27 to -0.96) 
Southeast Asia -2.98 (-3.1 to -2.87) -1.45 (-1.61 to -1.3) -5.74 (-5.83 to -5.64) -3.31 (-3.38 to -3.23) -1.41 (-1.5 to -1.33) 
High-income Asia Pacific -3.16 (-3.62 to -2.69) -6.3 (-6.8 to -5.8) -7.12 (-7.72 to -6.51) -4.82 (-5.05 to -4.6) -4.3 (-4.62 to -3.98) 
Eastern Europe -2.54 (-3.89 to -1.17) -2.13 (-3.07 to -1.19) -6.24 (-6.97 to -5.5) -3.28 (-3.96 to -2.6) -0.23 (-1.07 to 0.61) 
Central Europe -2.91 (-3.63 to -2.19) -4.62 (-5.32 to -3.91) -7.17 (-7.94 to -6.4) -3.12 (-3.71 to -2.53) -3.78 (-4.49 to -3.06) 
Western Europe -4.18 (-5.17 to -3.19) -5.57 (-5.96 to -5.17) -6.13 (-6.92 to -5.32) -4.85 (-5.31 to -4.38) -4.5 (-5 to -4.01) 
High-income North America -5.46 (-5.97 to -4.94) -4.18 (-4.51 to -3.85) -4.53 (-5.47 to -3.58) -3.97 (-4.31 to -3.62) -4.28 (-4.67 to -3.89) 
Andean Latin America -3.79 (-4.13 to -3.44) -5.68 (-6.49 to -4.86) -7.82 (-8.43 to -7.2) -4.79 (-5.3 to -4.28) -4.22 (-4.76 to -3.68) 
Central Latin America -4.14 (-4.59 to -3.68) -5.27 (-5.6 to -4.95) -5.65 (-6.17 to -5.13) -5.15 (-5.48 to -4.82) -4.34 (-4.62 to -4.05) 
Southern Latin America -1.32 (-2.57 to -0.06) -4.57 (-5.42 to -3.7) -6.59 (-7.93 to -5.22) -2.6 (-3.22 to -1.98) -2.94 (-3.81 to -2.05) 
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Tropical Latin America -3.32 (-4.06 to -2.57) -3.45 (-3.69 to -3.21) -8.85 (-9.25 to -8.44) -1.87 (-2.13 to -1.6) -1.75 (-1.95 to -1.56) 
Caribbean -1.92 (-2.31 to -1.52) -2.6 (-2.88 to -2.31) -3.22 (-3.49 to -2.95) -2.1 (-2.56 to -1.64) -0.7 (-1.07 to -0.34) 
North Africa and Middle East -3.05 (-3.26 to -2.84) -6 (-6.18 to -5.83) -6.47 (-6.7 to -6.24) -3.72 (-3.81 to -3.62) -3.14 (-3.24 to -3.05) 
Eastern Sub-Saharan Africa -2.57 (-2.69 to -2.46) -2.65 (-2.8 to -2.51) -5.62 (-5.89 to -5.35) -2.51 (-2.62 to -2.41) -0.72 (-0.86 to -0.57) 
Central Sub-Saharan Africa -1.57 (-1.64 to -1.49) -1.95 (-2.1 to -1.79) -6 (-6.14 to -5.86) -1.83 (-2.03 to -1.64) 0.28 (0.11 to 0.45) 
Southern Sub-Saharan Africa -1.4 (-1.67 to -1.13) -1.26 (-1.8 to -0.72) -3.19 (-3.59 to -2.78) 0.17 (-0.46 to 0.81) 0.91 (0.28 to 1.53) 
Western Sub-Saharan Africa -2.15 (-2.25 to -2.05) -2.44 (-2.66 to -2.22) -4 (-4.22 to -3.77) -1.74 (-1.89 to -1.59) -0.56 (-0.75 to -0.37) 
Age (years)      
0-4 -4.76 (-5 to -4.52) NA -4.62 (-4.94 to -4.31) NA NA 
5-9 -3.61 (-4.15 to -3.07) NA NA NA NA 
10-14 -2.42 (-3.05 to -1.8) NA NA NA NA 
15-19 -1.87 (-2.09 to -1.64) -1.75 (-1.97 to -1.53) NA NA NA 
20-24 -1.45 (-1.65 to -1.25) -1.79 (-2.01 to -1.58) NA NA NA 

25-29 -1.36 (-1.59 to -1.12) -1.7 (-2.03 to -1.37) NA -1.03 (-1.42 to -0.63) 0.9 (0.69 to 1.12) 
30-34 -1.57 (-1.95 to -1.17) -2.05 (-2.33 to -1.76) NA -1.27 (-1.43 to -1.11) 0.41 (0.05 to 0.78) 
35-39 -1.59 (-1.84 to -1.33) -2.02 (-2.29 to -1.75) NA -1.19 (-1.44 to -0.94) 0.31 (0.2 to 0.42) 
40-44 -1.44 (-1.75 to -1.12) -2.27 (-2.41 to -2.13) NA -1.53 (-1.69 to -1.37) 0.11 (-0.03 to 0.25) 
45-49 -1.82 (-2.01 to -1.63) -2.77 (-2.93 to -2.6) NA -2.14 (-2.29 to -1.99) -0.59 (-0.71 to -0.47) 
50-54 -1.98 (-2.25 to -1.72) -2.94 (-3.21 to -2.66) NA -2.54 (-2.86 to -2.22) -0.87 (-1.32 to -0.42) 
55-59 -1.96 (-2.22 to -1.71) -3.09 (-3.3 to -2.88) NA -2.86 (-3.15 to -2.56) -1.19 (-1.4 to -0.99) 
60-64 -1.78 (-2.14 to -1.43) -3.01 (-3.27 to -2.75) NA -3.12 (-3.4 to -2.83) -1.39 (-1.61 to -1.17) 
65-69 -1.76 (-2.1 to -1.42) -3.05 (-3.34 to -2.75) NA -3.34 (-3.71 to -2.97) -1.73 (-1.98 to -1.49) 
70-74 -2 (-2.24 to -1.77) -3.18 (-3.32 to -3.03) NA -3.66 (-3.91 to -3.41) -2.16 (-2.33 to -2) 
75-79 -1.69 (-1.85 to -1.54) -2.62 (-2.84 to -2.39) NA -3.18 (-3.4 to -2.96) -1.71 (-1.95 to -1.47) 
80-84 -1.71 (-2.29 to -1.13) -2.23 (-2.58 to -1.88) NA -2.92 (-3.45 to -2.38) -1.53 (-1.86 to -1.2) 
85-89 -1.8 (-2.23 to -1.37) -1.98 (-2.42 to -1.53) NA -2.71 (-3.12 to -2.29) -1.43 (-1.73 to -1.14) 
90-94 -1.86 (-2.2 to -1.52) -1.53 (-1.75 to -1.32) NA -2.3 (-2.57 to -2.02) -1.28 (-1.49 to -1.07) 
95+ -1.96 (-2.59 to -1.33) -1.48 (-1.61 to -1.35) NA -2.15 (-2.28 to -2.01) -1.34 (-1.47 to -1.22) 
 High fasting plasma glucose Low physical activity Tobacco Unsafe water, sanitation, and handwashing 
Global -1.9 (-2.19 to -1.61) -3.01 (-3.17 to -2.85) -3.35 (-3.46 to -3.24) -3.3 (-3.47 to -3.12) 
Gender     
Female -1.78 (-2.11 to -1.44) -2.59 (-2.73 to -2.46) -3.76 (-3.88 to -3.65) -3.47 (-3.64 to -3.3) 
Male -2.04 (-2.17 to -1.92) -3.35 (-3.53 to -3.18) -3.24 (-3.35 to -3.13) -3.14 (-3.22 to -3.07) 
SDI     
Low SDI -1.37 (-1.55 to -1.19) -2.34 (-2.52 to -2.17) -3.13 (-3.29 to -2.97) -2.52 (-2.62 to -2.43) 
Low-middle SDI -1.82 (-1.97 to -1.68) -3.07 (-3.5 to -2.64) -3.24 (-3.45 to -3.03) -3.21 (-3.52 to -2.9) 
Middle SDI -3.03 (-3.28 to -2.78) -4.03 (-4.14 to -3.92) -3.8 (-3.93 to -3.66) -4.66 (-4.85 to -4.48) 
High-middle SDI -3.7 (-3.99 to -3.4) -4.12 (-4.39 to -3.86) -3.02 (-3.5 to -2.54) -5.68 (-5.96 to -5.41) 
High SDI -3.66 (-3.88 to -3.44) -3.95 (-4.17 to -3.74) -3.58 (-4.08 to -3.07) -3.64 (-4.09 to -3.19) 
Region     
Australasia -3.28 (-3.8 to -2.75) -3.36 (-3.82 to -2.9) -3.99 (-5.23 to -2.74) -3.55 (-4.85 to -2.23) 
Oceania -1.22 (-1.44 to -0.99) -2.02 (-2.23 to -1.8) -1.74 (-1.93 to -1.54) -1.9 (-2.03 to -1.77) 
East Asia -5.89 (-6.33 to -5.46) -6.24 (-6.51 to -5.97) -4.95 (-5.4 to -4.5) -8.22 (-8.75 to -7.68) 
Central Asia -0.25 (-0.99 to 0.51) -1.6 (-1.89 to -1.3) -2.65 (-3.17 to -2.13) -4.91 (-5.24 to -4.57) 
South Asia -2.2 (-2.44 to -1.95) -3.47 (-3.87 to -3.07) -3.65 (-3.93 to -3.38) -3.68 (-4.04 to -3.31) 
Southeast Asia -2.09 (-2.17 to -2.01) -3.17 (-3.23 to -3.1) -2.76 (-2.86 to -2.66) -3.58 (-3.66 to -3.5) 
High-income Asia Pacific -4.54 (-4.87 to -4.21) -4.78 (-5.14 to -4.43) -4.92 (-5.65 to -4.18) -4.53 (-4.9 to -4.16) 
Eastern Europe -0.51 (-1.28 to 0.27) -1.08 (-1.78 to -0.37) -0.16 (-1.64 to 1.34) -2.33 (-3.66 to -0.98) 
Central Europe -3.41 (-3.7 to -3.12) -3.88 (-4.21 to -3.54) -2.25 (-2.68 to -1.81) -3.83 (-4.35 to -3.3) 
Western Europe -3.9 (-4.21 to -3.59) -4.82 (-5.36 to -4.28) -3.66 (-4.61 to -2.7) -3.03 (-3.94 to -2.12) 
High-income North America -2.51 (-3.3 to -1.72) -4.69 (-5.07 to -4.3) -3.73 (-4.39 to -3.07) -3.1 (-3.88 to -2.31) 
Andean Latin America -3.78 (-4.12 to -3.44) -4.95 (-5.62 to -4.27) -3.68 (-4.29 to -3.07) -4.45 (-4.98 to -3.91) 
Central Latin America -4.83 (-5.26 to -4.4) -5.31 (-5.62 to -5.01) -3.93 (-4.41 to -3.45) -4.48 (-4.86 to -4.11) 
Southern Latin America -2.09 (-2.65 to -1.52) -2.88 (-3.57 to -2.18) -0.79 (-1.41 to -0.17) -3.11 (-4.07 to -2.13) 
Tropical Latin America -2.84 (-3.18 to -2.49) -2.49 (-2.72 to -2.27) -3.21 (-3.91 to -2.51) -3.71 (-4.22 to -3.19) 
Caribbean -2.08 (-2.5 to -1.65) -2.27 (-2.64 to -1.9) -2.2 (-2.74 to -1.65) -2.34 (-2.74 to -1.94) 
North Africa and Middle East -2.57 (-2.72 to -2.43) -3.8 (-3.92 to -3.68) -2.82 (-2.94 to -2.7) -4.75 (-5 to -4.51) 
Eastern Sub-Saharan Africa -1.85 (-1.95 to -1.76) -2.47 (-2.59 to -2.36) -3.25 (-3.32 to -3.18) -2.53 (-2.64 to -2.42) 
Central Sub-Saharan Africa -0.56 (-0.68 to -0.44) -2.01 (-2.2 to -1.83) -2.08 (-2.17 to -1.98) -1.68 (-1.77 to -1.6) 
Southern Sub-Saharan Africa 1 (0.62 to 1.39) -0.14 (-0.79 to 0.52) -2.02 (-2.26 to -1.79) -1.34 (-1.72 to -0.96) 
Western Sub-Saharan Africa -0.79 (-0.9 to -0.69) -1.8 (-1.96 to -1.64) -2.56 (-2.67 to -2.46) -2.05 (-2.14 to -1.96) 
Age (years)     
0-4 NA NA -5.96 (-6.1 to -5.82) -4.55 (-4.8 to -4.29) 
5-9 NA NA -4.68 (-5.05 to -4.32) -3.21 (-3.66 to -2.76) 
10-14 NA NA -3.38 (-3.87 to -2.89) -2.1 (-2.66 to -1.54) 
15-19 NA NA -2.58 (-2.86 to -2.29) -1.49 (-1.81 to -1.17) 
20-24 NA NA -1.97 (-2.12 to -1.81) -1.1 (-1.31 to -0.9) 
25-29 -1.07 (-1.35 to -0.79) -1.23 (-1.61 to -0.84) -1.86 (-2.12 to -1.6) -1.2 (-1.52 to -0.88) 
30-34 -1.42 (-1.61 to -1.24) -1.48 (-1.7 to -1.27) -3.22 (-3.48 to -2.95) -1.43 (-1.69 to -1.16) 
35-39 -1.22 (-1.7 to -0.74) -1.4 (-1.64 to -1.15) -3.13 (-3.29 to -2.97) -1.46 (-1.64 to -1.27) 
40-44 -1.49 (-1.65 to -1.33) -1.7 (-1.86 to -1.54) -3.19 (-3.37 to -3) -1.37 (-1.55 to -1.18) 
45-49 -2 (-2.2 to -1.81) -2.38 (-2.54 to -2.23) -3.43 (-3.57 to -3.3) -1.88 (-2.06 to -1.69) 
50-54 -2.07 (-2.48 to -1.65) -2.51 (-2.86 to -2.16) -3.5 (-3.84 to -3.15) -2.03 (-2.23 to -1.82) 
55-59 -2.17 (-2.55 to -1.79) -3 (-3.29 to -2.71) -3.32 (-3.53 to -3.11) -2.07 (-2.25 to -1.89) 
60-64 -1.92 (-2.16 to -1.67) -3.45 (-3.78 to -3.12) -3.1 (-3.45 to -2.76) -1.99 (-2.3 to -1.67) 
65-69 -1.73 (-2.3 to -1.17) -3.53 (-3.95 to -3.1) -3.06 (-3.38 to -2.75) -2.02 (-2.46 to -1.58) 
70-74 -2.12 (-2.38 to -1.87) -3.51 (-3.66 to -3.36) -3.08 (-3.31 to -2.85) -2.3 (-2.56 to -2.03) 
75-79 -1.82 (-2.02 to -1.62) -3.11 (-3.36 to -2.86) -2.64 (-2.88 to -2.39) -1.82 (-2.06 to -1.57) 
80-84 -1.91 (-2.32 to -1.49) -2.92 (-3.38 to -2.46) -2.42 (-2.7 to -2.14) -1.84 (-2.12 to -1.55) 
85-89 -1.61 (-1.93 to -1.29) -2.58 (-3.02 to -2.13) -2.15 (-2.67 to -1.62) -2.15 (-2.79 to -1.51) 
90-94 -1.38 (-1.73 to -1.03) -2.26 (-2.6 to -1.92) -2.04 (-2.43 to -1.66) -2.28 (-2.92 to -1.63) 
95+ -1.42 (-1.73 to -1.1) -2.11 (-2.28 to -1.95) -2.08 (-2.65 to -1.5) -2.31 (-2.88 to -1.73) 
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Table 2. Annual average percentage change (AAPC) in age-standardized disability-adjusted life years (DALY) rates of respiratory infections 
and tuberculosis attributable to 9 risk factors, by age, gender, socio-demographic index (SDI), and regions, 1990–2021 (95% CI). 
Characteristics Air pollution Alcohol use Child and maternal 

malnutrition Dietary risks High body-mass index 

Global -4.01 (-4.24 to -3.78) -2.4 (-2.47 to -2.33) -4.46 (-4.54 to -4.39) -2.45 (-2.54 to -2.36) -0.69 (-0.81 to -0.58) 
Gender      
Female -4.24 (-4.49 to -3.99) -2.38 (-2.47 to -2.29) -4.67 (-4.89 to -4.46) -2.12 (-2.27 to -1.97) -0.67 (-0.83 to -0.52) 
Male -3.81 (-3.87 to -3.74) -2.42 (-2.5 to -2.35) -4.31 (-4.37 to -4.24) -2.66 (-2.75 to -2.57) -0.76 (-0.85 to -0.66) 
SDI      
Low SDI -3.6 (-3.67 to -3.52) -2.5 (-2.63 to -2.37) -4.64 (-4.75 to -4.53) -2.32 (-2.42 to -2.23) -0.53 (-0.65 to -0.42) 
Low-middle 
SDI -4.13 (-4.4 to -3.87) -2.29 (-2.52 to -2.06) -4.75 (-5 to -4.5) -2.62 (-2.74 to -2.49) -0.62 (-0.76 to -0.48) 

Middle SDI -5.62 (-5.92 to -5.32) -3.24 (-3.39 to -3.09) -6.25 (-6.44 to -6.06) -3.28 (-3.37 to -3.19) -1.55 (-1.83 to -1.28) 
High-middle 
SDI -6.39 (-6.76 to -6.02) -4.3 (-4.69 to -3.91) -8.32 (-8.58 to -8.06) -3.81 (-4.17 to -3.44) -2.13 (-2.45 to -1.81) 

High SDI -3.94 (-4.52 to -3.36) -5.94 (-6.06 to -5.81) -6.58 (-6.94 to -6.21) -3.68 (-3.93 to -3.43) -2.94 (-3.06 to -2.83) 
Region      
Australasia -2.4 (-3.78 to -1) -4.06 (-4.47 to -3.64) -6.08 (-7.24 to -4.89) -3.34 (-3.81 to -2.87) -3.1 (-3.51 to -2.7) 
Oceania -2.11 (-2.27 to -1.94) -2.15 (-2.41 to -1.88) -2.06 (-2.4 to -1.73) -1.86 (-2.05 to -1.68) -1.28 (-1.43 to -1.12) 
East Asia -8.12 (-8.4 to -7.84) -5.52 (-5.76 to -5.28) -9.37 (-9.66 to -9.08) -5.07 (-5.24 to -4.89) -3.27 (-3.55 to -2.99) 
Central Asia -4.37 (-4.78 to -3.95) -2.81 (-3.38 to -2.25) -5.25 (-5.53 to -4.97) -1.33 (-1.82 to -0.84) -1.33 (-1.64 to -1.02) 
South Asia -4.11 (-4.41 to -3.81) -2.82 (-3.14 to -2.5) -4.47 (-4.79 to -4.15) -2.91 (-3.02 to -2.8) -0.84 (-1.11 to -0.57) 
Southeast Asia -4.9 (-5 to -4.79) -1.53 (-1.66 to -1.41) -5.73 (-5.82 to -5.63) -3.05 (-3.12 to -2.98) -1.12 (-1.19 to -1.04) 
High-income 
Asia Pacific -3.63 (-4.04 to -3.23) -7.03 (-7.49 to -6.57) -7.11 (-7.71 to -6.51) -5.35 (-5.53 to -5.17) -4.97 (-5.21 to -4.73) 

Eastern Europe -4.01 (-5.12 to -2.88) -1.75 (-2.88 to -0.6) -6.24 (-6.97 to -5.5) -3.3 (-4 to -2.6) 0.04 (-0.82 to 0.9) 
Central Europe -4.83 (-5.31 to -4.35) -4.52 (-5.13 to -3.91) -7.17 (-7.93 to -6.4) -2.61 (-3.36 to -1.86) -3.51 (-4.11 to -2.89) 
Western Europe -4.58 (-5.51 to -3.63) -5.64 (-5.88 to -5.39) -6.12 (-6.92 to -5.32) -4.81 (-5.19 to -4.44) -4.55 (-4.93 to -4.18) 
High-income 
North America -5.26 (-5.81 to -4.71) -4.35 (-4.74 to -3.95) -4.53 (-5.47 to -3.59) -3.43 (-3.85 to -3.01) -3.98 (-4.35 to -3.61) 

Andean Latin 
America -5.77 (-7.01 to -4.52) -5.68 (-6.09 to -5.27) -7.81 (-8.42 to -7.2) -4.59 (-5.04 to -4.14) -4.05 (-4.52 to -3.58) 

Central Latin 
America -4.99 (-5.49 to -4.49) -4.82 (-5.15 to -4.49) -5.64 (-6.16 to -5.12) -4.61 (-4.9 to -4.33) -3.92 (-4.2 to -3.64) 

Southern Latin 
America -2.33 (-3.34 to -1.31) -4.63 (-5.35 to -3.9) -6.59 (-7.94 to -5.23) -2.49 (-3.4 to -1.57) -2.81 (-3.63 to -1.98) 

Tropical Latin 
America -5.52 (-6 to -5.03) -3.37 (-3.6 to -3.13) -8.85 (-9.25 to -8.44) -1.56 (-1.79 to -1.32) -1.51 (-1.76 to -1.26) 

Caribbean -2.44 (-2.71 to -2.17) -2.42 (-2.71 to -2.13) -3.21 (-3.48 to -2.94) -1.67 (-2.13 to -1.21) -0.31 (-0.65 to 0.04) 
North Africa 
and Middle East -4.71 (-4.87 to -4.55) -5.94 (-6.07 to -5.81) -6.47 (-6.7 to -6.24) -3.23 (-3.32 to -3.15) -2.87 (-2.96 to -2.78) 

Eastern Sub-
Saharan Africa -3.81 (-4.05 to -3.58) -2.79 (-2.83 to -2.75) -5.61 (-5.88 to -5.34) -2.61 (-2.69 to -2.54) -0.69 (-0.81 to -0.57) 

Central Sub-
Saharan Africa -3.07 (-3.15 to -3) -1.85 (-2.01 to -1.69) -5.99 (-6.13 to -5.85) -1.73 (-1.93 to -1.53) 0.4 (0.27 to 0.54) 

Southern Sub-
Saharan Africa -2.01 (-2.3 to -1.72) -1.38 (-1.92 to -0.83) -3.18 (-3.59 to -2.77) 0.1 (-0.36 to 0.56) 0.66 (-0.06 to 1.38) 

Western Sub-
Saharan Africa -3.17 (-3.31 to -3.04) -2.54 (-2.71 to -2.37) -3.99 (-4.21 to -3.76) -1.69 (-1.85 to -1.53) -0.55 (-0.7 to -0.4) 

Age (years)      
0-4 -4.76 (-5 to -4.52) NA -4.65 (-4.98 to -4.31) NA NA 
5-9 -3.61 (-4.14 to -3.07) NA NA NA NA 
10-14 -2.42 (-3.04 to -1.8) NA NA NA NA 
15-19 -1.86 (-2.08 to -1.64) -1.45 (-1.64 to -1.26) NA NA NA 
20-24 -1.44 (-1.64 to -1.24) -1.5 (-1.69 to -1.31) NA NA NA 
25-29 -1.35 (-1.59 to -1.11) -1.53 (-1.82 to -1.24) NA -0.86 (-1.21 to -0.5) 1.1 (0.91 to 1.3) 
30-34 -1.55 (-1.95 to -1.16) -1.91 (-2.08 to -1.74) NA -1.15 (-1.3 to -1.01) 0.51 (0.16 to 0.86) 
35-39 -1.58 (-1.83 to -1.32) -1.96 (-2.21 to -1.7) NA -1.12 (-1.35 to -0.88) 0.38 (0.28 to 0.49) 
40-44 -1.43 (-1.75 to -1.12) -2.21 (-2.35 to -2.08) NA -1.46 (-1.62 to -1.31) 0.17 (0.04 to 0.3) 
45-49 -1.81 (-2.01 to -1.62) -2.7 (-2.85 to -2.54) NA -2.06 (-2.21 to -1.91) -0.52 (-0.64 to -0.41) 
50-54 -1.98 (-2.25 to -1.71) -2.87 (-3.13 to -2.6) NA -2.47 (-2.78 to -2.16) -0.81 (-1.24 to -0.37) 
55-59 -1.96 (-2.22 to -1.7) -3.02 (-3.22 to -2.82) NA -2.78 (-3.06 to -2.5) -1.1 (-1.29 to -0.91) 
60-64 -1.78 (-2.13 to -1.43) -2.94 (-3.19 to -2.68) NA -3.03 (-3.3 to -2.76) -1.32 (-1.53 to -1.1) 
65-69 -1.76 (-2.1 to -1.43) -2.91 (-3.18 to -2.63) NA -3.2 (-3.55 to -2.86) -1.59 (-1.82 to -1.37) 
70-74 -2 (-2.23 to -1.76) -3.05 (-3.17 to -2.93) NA -3.49 (-3.72 to -3.26) -1.97 (-2.14 to -1.8) 
75-79 -1.69 (-1.84 to -1.54) -2.48 (-2.69 to -2.27) NA -3.05 (-3.24 to -2.85) -1.54 (-1.72 to -1.36) 
80-84 -1.69 (-1.98 to -1.4) -2.13 (-2.47 to -1.78) NA -2.82 (-3.33 to -2.3) -1.41 (-1.78 to -1.05) 
85-89 -1.82 (-2.27 to -1.37) -1.92 (-2.33 to -1.5) NA -2.65 (-3.03 to -2.27) -1.35 (-1.63 to -1.08) 
90-94 -1.86 (-2.2 to -1.52) -1.53 (-1.73 to -1.32) NA -2.3 (-2.55 to -2.05) -1.29 (-1.5 to -1.09) 
95+ -1.98 (-2.63 to -1.33) -1.54 (-1.66 to -1.41) NA -2.19 (-2.32 to -2.07) -1.33 (-1.44 to -1.21) 

 High fasting plasma glucose Low physical activity Tobacco Unsafe water, sanitation, and 
handwashing 

Global -1.81 (-2.05 to -1.56) -2.79 (-2.91 to -2.67) -4.07 (-4.16 to -3.97) -3.89 (-4.11 to -3.68) 
Gender     
Female -1.76 (-2.09 to -1.43) -2.41 (-2.52 to -2.3) -4.81 (-4.91 to -4.7) -4.11 (-4.3 to -3.93) 
Male -1.9 (-2.16 to -1.64) -3.1 (-3.22 to -2.99) -3.77 (-3.86 to -3.67) -3.66 (-3.84 to -3.48) 
SDI     
Low SDI -1.48 (-1.59 to -1.37) -2.37 (-2.45 to -2.28) -3.75 (-3.88 to -3.62) -3.62 (-3.72 to -3.52) 
Low-middle 
SDI -1.85 (-2.07 to -1.64) -3.04 (-3.36 to -2.72) -3.94 (-4.03 to -3.84) -4.44 (-4.65 to -4.23) 

Middle SDI -2.78 (-2.96 to -2.59) -3.66 (-3.76 to -3.56) -4.76 (-4.87 to -4.65) -5.87 (-6.01 to -5.73) 
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High-middle 
SDI -3.33 (-3.65 to -3) -3.55 (-3.82 to -3.28) -4.2 (-4.49 to -3.9) -8.06 (-8.22 to -7.9) 

High SDI -3.84 (-3.99 to -3.69) -3.99 (-4.13 to -3.84) -3.71 (-4.2 to -3.22) -4.67 (-5.01 to -4.33) 
Region     
Australasia -3.66 (-4.15 to -3.16) -3.14 (-3.56 to -2.72) -4.24 (-5.35 to -3.11) -4.2 (-5.4 to -2.98) 
Oceania -1.08 (-1.29 to -0.88) -2 (-2.14 to -1.86) -1.74 (-1.91 to -1.57) -2.1 (-2.27 to -1.93) 
East Asia -5.29 (-5.77 to -4.81) -5.52 (-5.74 to -5.29) -6.38 (-6.69 to -6.07) -10.27 (-10.56 to -9.98) 
Central Asia -0.41 (-1.11 to 0.29) -1.61 (-1.94 to -1.27) -3.72 (-4 to -3.45) -5.62 (-6.03 to -5.2) 
South Asia -2.21 (-2.41 to -2.02) -3.46 (-3.72 to -3.2) -4.29 (-4.42 to -4.16) -4.91 (-5.12 to -4.71) 
Southeast Asia -1.93 (-2 to -1.85) -2.92 (-3 to -2.84) -3.55 (-3.6 to -3.49) -5.48 (-5.55 to -5.41) 
High-income 
Asia Pacific -5.27 (-5.81 to -4.72) -5.48 (-5.71 to -5.26) -5.16 (-6.06 to -4.25) -4.96 (-5.32 to -4.59) 

Eastern Europe -0.36 (-1.13 to 0.42) -0.82 (-1.59 to -0.06) -0.89 (-2.37 to 0.62) -3.74 (-4.35 to -3.13) 
Central Europe -3.21 (-4.02 to -2.4) -3.48 (-4.08 to -2.87) -3.27 (-3.66 to -2.87) -5.83 (-6.35 to -5.31) 
Western Europe -4.14 (-4.59 to -3.69) -4.95 (-5.35 to -4.54) -3.71 (-4.6 to -2.81) -3.46 (-4.33 to -2.58) 
High-income 
North America -2.39 (-3.01 to -1.78) -4.24 (-4.57 to -3.91) -3.48 (-4.36 to -2.59) -3.01 (-3.81 to -2.2) 

Andean Latin 
America -3.94 (-4.26 to -3.63) -4.81 (-5.41 to -4.2) -4.78 (-5.11 to -4.46) -6.18 (-6.68 to -5.68) 

Central Latin 
America -4.59 (-4.86 to -4.31) -4.8 (-5.07 to -4.52) -4.47 (-4.94 to -4.01) -5.35 (-5.7 to -5) 

Southern Latin 
America -2.25 (-3.07 to -1.42) -2.86 (-3.45 to -2.26) -1.66 (-2.39 to -0.92) -4.15 (-4.81 to -3.49) 

Tropical Latin 
America -2.73 (-3.03 to -2.43) -2.23 (-2.48 to -1.98) -4.45 (-4.92 to -3.98) -5.91 (-6.29 to -5.53) 

Caribbean -1.9 (-2.29 to -1.52) -1.85 (-2.23 to -1.47) -2.8 (-3.17 to -2.42) -2.7 (-2.96 to -2.43) 
North Africa 
and Middle East -2.45 (-2.58 to -2.32) -3.41 (-3.53 to -3.29) -4.19 (-4.26 to -4.11) -6.01 (6.19 to -5.84) 

Eastern Sub-
Saharan Africa -1.93 (-1.99 to -1.87) -2.6 (-2.68 to -2.52) -3.65 (-3.78 to -3.53) -3.75 (-3.98 to -3.52) 

Central Sub-
Saharan Africa -0.5 (-0.64 to -0.37) -1.95 (-2.15 to -1.75) -2.6 (-2.68 to -2.51) -3.17 (-3.27 to -3.08) 

Southern Sub-
Saharan Africa 1.04 (0.66 to 1.42) -0.3 (-0.88 to 0.29) -2.35 (-2.67 to -2.02) -2.14 (-2.44 to -1.85) 

Western Sub-
Saharan Africa -0.83 (-0.9 to -0.75) -1.8 (-1.92 to -1.69) -3.25 (-3.37 to -3.13) -3.09 (-3.22 to -2.96) 

Age (years)     
0-4 NA NA -5.93 (-6.07 to -5.8) -4.55 (-4.8 to -4.29) 
5-9 NA NA -4.35 (-4.69 to -4.02) -3.21 (-3.65 to -2.76) 
10-14 NA NA -3.09 (-3.57 to -2.62) -2.1 (-2.65 to -1.54) 
15-19 NA NA -2.56 (-2.79 to -2.34) -1.49 (-1.8 to -1.17) 
20-24 NA NA -1.95 (-2.1 to -1.8) -1.1 (-1.31 to -0.9) 
25-29 -0.91 (-1.15 to -0.66) -0.98 (-1.16 to -0.8) -1.84 (-2.1 to -1.59) -1.2 (-1.52 to -0.87) 
30-34 -1.3 (-1.47 to -1.13) -1.36 (-1.56 to -1.15) -3.17 (-3.43 to -2.91) -1.42 (-1.69 to -1.16) 
35-39 -1.15 (-1.6 to -0.7) -1.32 (-1.54 to -1.09) -3.11 (-3.27 to -2.95) -1.45 (-1.64 to -1.27) 
40-44 -1.43 (-1.57 to -1.28) -1.63 (-1.78 to -1.48) -3.1 (-3.32 to -2.89) -1.37 (-1.56 to -1.18) 
45-49 -1.93 (-2.11 to -1.74) -2.31 (-2.46 to -2.16) -3.41 (-3.54 to -3.29) -1.87 (-2.06 to -1.68) 
50-54 -2 (-2.39 to -1.61) -2.45 (-2.78 to -2.12) -3.47 (-3.8 to -3.14) -2.02 (-2.23 to -1.82) 
55-59 -2.09 (-2.44 to -1.73) -2.92 (-3.18 to -2.66) -3.27 (-3.52 to -3.02) -2.07 (-2.24 to -1.89) 
60-64 -1.81 (-2.05 to -1.58) -3.36 (-3.68 to -3.05) -3.09 (-3.43 to -2.75) -1.98 (-2.29 to -1.67) 
65-69 -1.62 (-2.15 to -1.09) -3.39 (-3.78 to -3) -3.03 (-3.34 to -2.72) -2.02 (-2.45 to -1.59) 
70-74 -1.98 (-2.22 to -1.74) -3.36 (-3.5 to -3.23) -3.05 (-3.28 to -2.82) -2.29 (-2.56 to -2.03) 
75-79 -1.7 (-1.89 to -1.51) -2.98 (-3.2 to -2.76) -2.62 (-2.85 to -2.38) -1.82 (-2.06 to -1.58) 
80-84 -1.82 (-2.21 to -1.43) -2.83 (-3.25 to -2.39) -2.42 (-2.7 to -2.15) -1.84 (-2.11 to -1.56) 
85-89 -1.56 (-1.86 to -1.27) -2.53 (-2.94 to -2.11) -2.16 (-2.66 to -1.66) -2.16 (-2.79 to -1.53) 
90-94 -1.33 (-1.69 to -0.98) -2.25 (-2.56 to -1.94) -2.05 (-2.42 to -1.67) -2.28 (-2.92 to -1.64) 
95+ -1.4 (-1.74 to -1.05) -2.16 (-2.32 to -2) -2.11 (-2.69 to -1.53) -2.31 (-2.91 to -1.71) 

 
Similarly, Lesotho experienced the highest 

increases in ASMR due to high BMI (3.92, 95% CI: 
3.58 to 4.26), high FPG (3.55, 95% CI: 3.24 to 3.86), 
low physical activity (2.03, 95% CI: 1.53 to 2.54), and 
tobacco use (1.26, 95% CI: 0.94 to 1.58). The most 
substantial reductions were observed in Hungary (−7.4, 
95% CI: −7.99 to −6.8 for high BMI; −7.83, 95% CI: 
−8.45 to −7.2 for low physical activity), Singapore (− 
7.25, 95% CI: − 8.11 to − 6.38 for high FPG), and 
Finland (− 6.8, 95% CI: − 8.01 to − 5.56 for tobacco). 
Finally, unsafe water, sanitation, and handwashing 
contributed to a slight increase in ASMR in Lesotho 
(0.16, 95% CI: − 0.09 to 0.42), while China achieved 
the largest decline (− 8.34, 95% CI: − 8.9 to − 7.78). 

Similar geographic variations were noted in the 

AAPC of ASDR across different risk factors. Most 
countries exhibited a declining trend in ASDR AAPC. 
Tokelau exhibited the largest upward trend in ASDR 
due to air pollution (AAPC: 0.61, 95% CI: − 0.85 to 
2.09), while Finland showed the steepest decline (− 
9.89, 95% CI: − 12.54 to − 7.16). Iran recorded the 
highest increase for alcohol use (33.59, 95% CI: 30.44 
to 36.82), whereas Sudan achieved the largest reduction 
(− 29.36, 95% CI: − 31.66 to − 26.98). Child and 
maternal malnutrition-related ASDR increased most in 
Tokelau (2.71, 95% CI: 0.70 to 4.77), but decreased 
sharply in Iran (− 11.48, 95% CI: − 12.11 to − 10.85). 
Dietary risks drove the largest ASDR rise in Lesotho 
(2.68, 95% CI: 2.23 to 3.14), while the Maldives 
experienced the greatest decline (− 7.48, 95% CI: − 7.68 
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to − 7.27). Similarly, Lesotho had the highest increases 
in ASDR due to high BMI (4.15, 95% CI: 3.80 to 4.50), 
high FPG (3.66, 95% CI: 3.36 to 3.97), low physical 
activity (2.16, 95% CI: 1.66 to 2.67), and tobacco use 
(1.45, 95% CI: 0.94 to 1.97). The most substantial 
reductions were observed in Hungary (− 6.98, 95% CI: 
− 7.71 to − 6.24 for high BMI), Singapore (− 7.24, 95% 
CI: − 7.72 to − 6.76 for high FPG), the Maldives (− 
7.47, 95% CI: − 7.69 to − 7.25 for low physical 
activity), and China (− 6.51, 95% CI: − 6.75 to − 6.26 
for tobacco). Finally, unsafe water, sanitation, and 
handwashing contributed to a slight increase in ASDR 
in Niue (0.61, 95% CI: 0.47 to 0.74), while China 
achieved the largest decline (− 10.37, 95% CI: − 10.66 
to − 10.07). 

 
Correlation of respiratory infections and tuberculosis 
burden attributable to risk factors with SDI across 21 
GBD regions 

The analysis revealed a strong inverse correlation 
between SDI and both ASMR and ASDR for 
respiratory infections and tuberculosis across 21 GBD 
regions from 1990 to 2021. As SDI increased, ASMR 

and ASDR exhibited a consistent decline in most 
regions (Figure 3). However, risk-specific 
heterogeneity was evident: air pollution showed the 
strongest inverse correlation with SDI for both ASMR 
(r = − 0.873, 95% CI: − 0.890 to − 0.854) and ASDR (r 
= − 0.888, 95% CI: − 0.903 to − 0.871), whereas high 
FPG exhibited the weakest correlation (ASMR: r = − 
0.624, 95% CI: − 0.668 to − 0.575; ASDR: r = − 0.595, 
95% CI: − 0.642 to − 0.544). Notably, metabolic and 
behavioral risks—including FPG, dietary risks, and low 
physical activity—demonstrated complex patterns. 
While higher SDI was generally associated with 
elevated ASMR and ASDR for these risks, regions with 
SDI < 0.3 (e.g., Eastern Sub-Saharan Africa) exhibited 
a paradoxical decline in ASMR and ASDR with rising 
SDI (Figure 3).  

 
Region-specific proportions of respiratory infections 
and tuberculosis burden attributable to risk factors 

Globally, between 1990 and 2021, 92% of deaths 
(83% in 2021) and 96% of DALYs (89% in 2021) from 
respiratory infections and tuberculosis were attributable 
to 4 major risk factors: child and maternal malnutrition; 

Figure 2. Average annual percentage change (AAPC) of age-standardized mortality rates (ASMR) in respiratory infections and tuberculosis 
across 204 countries and territories, 1990–2021: (a) child and maternal malnutrition; (b) air pollution; (c) tobacco; (d) unsafe water, sanitation, 
and handwashing; (e) alcohol use; (f) high fasting plasma glucose; (g) high body-mass index; (h) dietary risks; (i) low physical activity. 
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air pollution; tobacco use; and unsafe water, sanitation, 
and handwashing (Figure 4). 

In 1990, risk factor profiles for deaths from 
respiratory infections and tuberculosis diverged 
markedly by SDI. In high SDI regions—including 
Australasia, high-income Asia Pacific, Western Europe, 
and high-income North America—tobacco use 
accounted for 51% of deaths, representing the leading 
risk factor. In contrast, child and maternal malnutrition 
dominated in lower SDI regions, with the highest 
burden observed in low SDI regions (43% of deaths). 
This burden decreased progressively in higher SDI 
regions: low-middle SDI regions attributed 39% of 
deaths to malnutrition, followed by middle SDI regions 
(37%) and high-middle SDI regions (29%) (p < 0.001 
for trend across SDI categories) (Figure 4). A similar 
gradient was observed for DALYs in 1990. In high SDI 
regions, tobacco use contributed to 45% of DALYs, 
whereas child and maternal malnutrition remained the 

primary driver in lower SDI regions. Low SDI regions 
exhibited the highest malnutrition-related DALY 
burden (49%), followed by low-middle SDI regions 
(47%), middle SDI regions (47%), and high-middle 
SDI regions (43%). 

By 2021, tobacco use had surpassed child and 
maternal malnutrition as the leading risk factor for 
deaths in middle and high-middle SDI regions, 
accounting for 32% of deaths in middle SDI regions and 
48% in high-middle SDI regions. Similar transitions 
were observed in East Asia, Eastern Europe, Central 
Europe, Southern Latin America, and Tropical Latin 
America (Figure 4). Concurrently, metabolic and 
behavioral risks—including high FPG, elevated body-
mass index, dietary risks, and physical inactivity—
demonstrated a marked global increase in attributable 
mortality compared to 1990. In low SDI regions, the 
proportion of deaths attributable to these risks rose from 
5% in 1990 to 27% in 2021, while in low-middle SDI  

Figure 3. Association between age-standardized mortality rates (ASMR) and sociodemographic index (SDI) for respiratory infections and 
tuberculosis attributable to risk factors, across 21 GBD regions, 1990–2021: (a) child and maternal malnutrition; (b) air pollution; (c) tobacco 
use; (d) unsafe water, sanitation, and handwashing; (e) alcohol use; (f) high fasting plasma glucose; (g) high body-mass index; (h) dietary 
risks; (i) low physical activity. 
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  Figure 4. Proportion of deaths attributable to risk factors for respiratory infections and tuberculosis, by region, in 1990 (a) and 2021 (b). 
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  Figure 5. Proportion of deaths attributable to risk factors for respiratory infections and tuberculosis globally, by age disparity, in 1990 (a) 
and 2021 (b). 
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regions, the increase was from 9% to 20% over the same 
period. Southern, Central, and Eastern Sub-Saharan 
Africa exhibited the most pronounced rises in metabolic 
and behavioral risk-related deaths, underscoring an 
accelerating epidemiological transition in these regions 
(Figure 4). Parallel trends were observed for DALYs. 
By 2021, tobacco use accounted for 26% of DALYs in 
middle SDI regions and 46% in high-middle SDI 
regions, surpassing malnutrition as the leading 
contributor. 

 
Age-specific proportions of respiratory infections and 
tuberculosis burden attributable to risk factors 

In 1990, child and maternal malnutrition primarily 
affected deaths in children under 5 years of age. 
Metabolic and behavioral risks—including high FPG, 
high BMI, dietary risks, and physical inactivity—began 
to contribute significantly to mortality from 25 years 
onwards. By 30 years of age, tobacco use emerged as 
the leading risk factor for deaths, accounting for 51% of 

cases, while air pollution decreased to 16%, becoming 
the secondary risk factor. With increasing age, the 
contribution of alcohol use and tobacco use to deaths 
declined annually, whereas the proportion of deaths 
attributable to air pollution and unsafe water, sanitation, 
and handwashing increased steadily (Figure 5). 

Similar trends were observed by 2021, though the 
proportion of deaths due to tobacco use decreased 
among individuals aged 30–59 years compared to 1990. 
Specifically, tobacco-related deaths declined from 51% 
to 38% in the 30–34 years age group, from 51% to 38% 
in the 35–39 years age group, from 51% to 39% in the 
40–44 years age group, from 49% to 38% in the 45–49 
years age group, from 48% to 37% in the 50–54 years 
age group, and from 45% to 35% in the 55–59 years age 
group (Figure 5). Parallel trends were observed for 
DALYs, with tobacco use showing a consistent decline 
in attributable burden across the same age groups. 

 

Figure 6. Age-specific mortality rates for respiratory infections and tuberculosis attributable to risk factors, by gender, in 2021: (a) child and 
maternal malnutrition; (b) air pollution; (c) tobacco use; (d) unsafe water, sanitation, and handwashing; (e) alcohol use; (f) high fasting plasma 
glucose; (g) high body-mass index; (h) dietary risks; (i) low physical activity. 
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Gender disparities in the burden of respiratory 
infections and tuberculosis burden attributable to risk 
factors 

In 2021, age- and gender-specific mortality patterns 
for respiratory infections and tuberculosis revealed 
pronounced disparities, with males exhibiting higher 
mortality risks than females across nearly all risk 
factors, and rates increasing progressively with age 
until 95 years (Figure 6). No significant gender-based 
difference was observed for malnutrition-related 
mortality (Figure 6A). Air pollution predominantly 
affected individuals aged ≥ 70 years, with higher 
mortality in males (62.83 per 100,000, 95% UI: 8.32–
105.31) than females (49.59 per 100,000, 95% UI: 
6.91–83.73) (Figure 6B). Unsafe water, sanitation, and 
handwashing led to higher mortality in males than 
females, with rates increasing from 5–9 years onward 
in both genders (Figure 6D). Tobacco and alcohol use 
significantly impacted males across nearly all age 
groups, with ASMR for tobacco 3.6-fold higher in 
males (9.94 per 100,000, 95% UI: 6.90–12.84) than 
females (2.73 per 100,000, 95% UI: 1.33–4.24) (p < 
0.001), and alcohol-related mortality 7.6-fold higher in 
males (2.89 per 100,000, 95% UI: −1.94 to 10.39) than 
females (0.38 per 100,000, 95% UI: −0.15 to 1.73) 
(Figure 6C, E). Metabolic and behavioral risks—
including high FPG, elevated BMI, dietary risks, and 
physical inactivity—also showed higher mortality in 
males than females across nearly all age groups (Figure 
6F–I). Additionally, DALY rates were highest in 
children under 5 years, primarily due to air pollution 
and unsafe water, sanitation, and handwashing, with 
males bearing a higher burden than females. 

 
Discussion 

Previous studies have predominantly focused on 
aggregated estimates of respiratory infections and 
tuberculosis burden, often overlooking critical 
heterogeneities across age, gender, and socioeconomic 
strata [15,27,28]. While the role of traditional risks, 
such as malnutrition and air pollution are well-
documented [29–31], the evolving contribution of 
metabolic and behavioral factors in the context of 
global epidemiological transitions remains 
underexplored. Detailed analyses stratified by age, 
gender, SDI, and geographic region were conducted to 
comprehensively assess the burden of respiratory 
infections and tuberculosis. These stratifications 
enabled the identification of disparities in risk factor 
impacts across populations and over time, providing 
critical insights for precision public health 
interventions. 

Globally, the ASMR for respiratory infections and 
tuberculosis attributable to traditional risks declined 
significantly between 1990 and 2021. Specifically, 
AAPC was − 4.46% for malnutrition and − 3.35% for 
tobacco use. These reductions align with improvements 
in sanitation, and tobacco control policies [4–6,32–34]. 
However, metabolic risks—high BMI and FPG—
exhibited paradoxical trends. Although their ASMR 
and ASDR declined (28.7% and 44.5%, respectively), 
absolute deaths and DALYs rose sharply, reflecting 
population growth and aging. Traditional risks like 
malnutrition and tobacco use have declined due to 
improved sanitation, nutrition programs, and tobacco 
control policies. For example, enhanced agricultural 
practices and food distribution systems have reduced 
malnutrition, while tobacco control policies such as 
taxation and advertising bans have decreased smoking 
prevalence. These factors have strengthened immune 
systems and reduced the burden of respiratory diseases 
[35,36]. 

Metabolic risks such as high BMI and FPG present 
a more complex situation. Although their ASMR and 
ASDR have declined, absolute deaths and DALYs have 
risen due to population growth and aging. Geographic 
disparities are pronounced, with Lesotho experiencing 
the largest increase in ASMR attributable to high BMI, 
possibly due to changing dietary patterns and reduced 
physical activity. In contrast, Hungary's significant 
reduction in high BMI-related ASMR may be attributed 
to successful public health initiatives promoting healthy 
lifestyles [37].  

In summary, the decline in ASMR and ASDR for 
respiratory infections and tuberculosis attributable to 
different risk factors is shaped by a multitude of factors, 
including public health interventions, socio-economic 
development, population dynamics, and geographic 
disparities. Understanding these relationships can 
inform more targeted public health strategies to address 
the disease burden caused by these risk factors. 

Geographic disparities in disease burden were 
pronounced. Lesotho exhibited the largest increase in 
ASMR attributable to high BMI, with an AAPC of 3.92 
(95% CI: 3.58 to 4.26). In contrast, Hungary achieved 
the steepest reduction in high BMI-related ASMR 
(AAPC: − 7.4, 95% CI: − 7.99 to − 6.8). Stratification 
by gender and age revealed further inequities. Males 
experienced a disproportionately higher burden from 
behavioral risks, with ASMR for tobacco use 3.6 times 
greater than that of females. Children under 5 years of 
age were particularly vulnerable to environmental risks, 
as evidenced by the highest AAPC values among all age 
groups for secondhand smoke exposure (− 5.96, 95% 
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CI: − 6.10 to − 5.82), air pollution (− 4.76, 95% CI: − 
5.00 to − 4.52) and unsafe water, sanitation, and 
handwashing (− 4.55, 95% CI: − 4.80 to − 4.29). 

Prior evidence has demonstrated an inverse 
association between the SDI and burdens of infectious 
diseases [38,39]. The findings of this study further show 
a negative association between the burden of 
respiratory infections and tuberculosis attributable to 9 
risk factors, particularly for traditional risks such as 
malnutrition (− 0.8408, 95% CI: − 0.8616 to − 0.8171) 
and air pollution (− 0.8728, 95% CI: − 0.8897 to − 
0.8535). The observed male predominance in tobacco- 
and alcohol-related mortality aligns with established 
behavioral epidemiology literature [40,41]. However, 
this study advances this understanding by uncovering 
synergistic interactions between these behavioral risks 
and age-specific factors. The males exhibited a 3.6-fold 
higher tobacco-attributable ASMR compared to 
females, with this disparity progressively widening 
from age 30 onwards. This age-dependent escalation 
suggests that cumulative exposure to behavioral risks, 
compounded by biological and social determinants, 
impacts male populations in later adulthood. 

While this analysis benefits from the robust 
methodologies of the GBD 2021 study, several 
limitations warrant consideration. First, residual 
confounding from unmeasured factors—such as genetic 
predispositions, healthcare quality, and environmental 
co-exposures—could bias risk-attributable fractions, 
potentially obscuring the true magnitude of certain risk-
outcome relationships. To mitigate this, future studies 
should incorporate genetic testing and detailed 
environmental monitoring to better control for these 
factors. Second, the reliance on ecological correlations 
with the SDI limits the ability to infer causality, as SDI 
aggregates multiple socioeconomic and demographic 
factors that may independently influence health 
outcomes. To address this, integrating individual-level 
data with SDI metrics is recommended in future 
research to enhance causal inference. Finally, the 
interplay between overlapping risks, such as the 
potential synergism between tobacco use and air 
pollution, remains unaddressed in this analysis. 
Mechanistic studies are needed to disentangle these 
complex interactions and refine risk attribution models. 
Prioritizing funding for laboratory and cohort studies 
that can investigate these synergistic effects is 
recommended. Additionally, policymakers should 
consider implementing multifaceted public health 
interventions that target multiple risk factors 
simultaneously, such as combining tobacco cessation 
programs with initiatives to improve air quality. These 

strategies can help reduce the burden of respiratory 
infections and tuberculosis more effectively. 

The rising burden of metabolic risks, despite 
declining ASMR and ASDR, urgently calls for dual 
interventions: enhancing traditional disease control 
measures while simultaneously addressing the 
epidemics of obesity and diabetes. Regionally, policies 
should focus on context-specific risks, such as 
implementing tobacco taxation in high-middle SDI 
regions, improving air quality in South Asia, and 
launching nutrition programs in Sub-Saharan Africa. 
Future research should explore the biological 
mechanisms underlying how metabolic dysregulation 
which increases susceptibility to respiratory infections 
and tuberculosis, as well as conduct cost-benefit 
analyses of targeted interventions. 

This study underscores the impact of various risk 
factors on the burden of respiratory infections and 
tuberculosis, revealing distinct trends by age, gender, 
SDI, and region. These findings highlight the necessity 
for tailored interventions and policies to address the 
diverse risk factors and health disparities across 
different regions and populations. 

 
Conclusions 

Respiratory infections and tuberculosis remain the 
leading global causes of morbidity and mortality, yet 
the dynamics of their risk factors across diverse 
populations are poorly characterized. Data from the 
GBD 2021 study across 204 countries (1990–2021) was 
used to quantify the burden of respiratory infections and 
tuberculosis attributable to 9 key risk factors. 
Traditional risks, such as deaths and DALYs 
attributable to malnutrition and air pollution, declined 
globally. In contrast, metabolic risks, including high 
BMI and FPG, increased, particularly in low-SDI 
regions. Geographic disparities were pronounced: 
Lesotho saw the largest increase in ASMR for high BMI 
(AAPC: 3.92 [95% CI: 3.58 to 4.26]), while Hungary 
achieved significant reductions (AAPC: −7.4 [95% CI: 
−7.99 to −6.8]). Males experienced a higher burden 
from behavioral risks, with tobacco ASMR 3.6-fold 
higher than females. Children under 5 years were 
particularly vulnerable to environmental risks. The 
findings advocate for precision interventions to address 
the dual burdens of traditional and emerging risks, 
thereby advancing global health equity. 
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